The hole-doped manganite La 0.7 Ca 0.3 MnO 3 and the electron-doped manganite La 0.7 Ce 0.3 MnO 3 undergo an insulator to metal transition at around 250 K, above which both behave as a polaronic semiconductor. We have successfully fabricated an epitaxial trilayer (La 0.7 Ca 0.3 MnO 3 /SrTiO 3 /La 0.7 Ce 0.3 MnO 3 ), where SrTiO 3 is an insulator. At room temperature, i.e. in the semiconducting regime, it exhibits asymmetric current-voltage (I-V) characteristics akin to a p-n diode. The observed asymmetry in the I-V characteristics disappears at low temperatures where both the manganite layers are metallic. To the best of our knowledge, this is the first report of such a p-n diode, using the polaronic semiconducting regime of doped manganites.
indeed behaves as a diode at room temperature (300K). At low temperature however, the metallic nature of the manganite layers suppresses this effect and the I-V characteristics become nearly symmetric. Our results show that it is possible to realize rectifying junctions using the polaronic insulator regime above T c of the CMR compounds.
The epitaxial films (individual layers) were deposited on a 0.5% Nb-doped SrTiO 3 (Nb-STO) conducting substrate by pulsed laser deposition (PLD). Bulk polycrystalline manganite targets for PLD were prepared by solid state reaction route [8] . The films were deposited in an off-axis geometry (where the plume grazes the substrate surface), using a 248 nm KrF excimer laser in an oxygen atmosphere [11] . The substrate was kept at 800 o C and an oxygen pressure of 1) is roughly symmetric.
To understand the above results we first consider the IV characteristic of an ideal tunnel junction. The current in a tunnel junction is given within the WKB approximation as [12] 
where m is the electronic mass, N 1 (E) and N 2 (E) the density of states (DOS) of two metals across the insulating barrier, W is the height of the tunnelling barrier, s its width, f(E) is the Fermi-Dirac function and T(s,E,W) is given by
It has to be noted here that though the integration should ideally run from minus infinity to infinity within the WKB approximation it is limited to E<W where T(s,E,W) is real. This however introduces a negligible error if V<<W since the integrant drops rapidly to zero for |E|>V. It is clear from equation (1) that the integral is symmetric with respect to V apart from the contribution arising from the DOS factors N 1 (E) and N 2 (E). Therefore the asymmetry in a tunnel junction will reflect the asymmetry in the DOS of the two electrodes across the insulating barrier.
To explain the asymmetry at 300K, one has to note that at room temperature the electron and hole doped manganites behave as heavily doped n and p type semiconductors. In perovskite manganites the e g band gets split due to Jahn-Teller distortion into two sub-bands, e g 1 and e g 2 separated by a gap of around 0.1eV, the width of each being 1.0 eV [13] . At room temperature (above T C ) the Fermi level will lie in the gap opened by polarons. It will be close to the top edge of the e g 1 band in the hole doped manganite, and close to the bottom of the e g temperature yields a value of around 0.45eV which is larger than the activation energy deduced from transport measurements [15] . However, this result clearly shows that a rectifying junctions can be fabricated using hole and electron doped manganites.
The afore mentioned asymmetry in the I-V characteristics of the same device vanishes at low temperature (60K) ( fig. 1 ) and we see a more or less symmetric I-V curve. As mentioned before the polaronic gap disappears below T C (250 K), and as we go down to very low temperature, the Jahn-Teller split bands, e g 1 and e g 2 merge into one another. This causes the Fermi level to lie well within the conduction band. An asymmetry however can still exist here if the N 1 (E) and N 2 (E) are very much different in the two compounds [14] . The symmetric I-V curve of the tunnel junction at low temperature essentially implies that the density of states close to Fermi level are similar in their ground states. This is supported by recent band structure calculation in these two compounds [9] . However a careful examination of the data at 60K reveals that a small degree of asymmetry persists even at this temperature implying that small differences in N(E)
close to E=E F exist in these compounds. In order to rule out any possible existence of a Schottky barrier between the manganite and the Nb-STO substrate, we have deposited an n-manganite layer on Nb-STO substrate and the I-V curve across the manganite/Nb-STO interface was found to be linear.
In summary we have successfully fabricated an epitaxial trilayer consisting of a hole and an electron doped manganite on either side of an insulating STO barrier, which exhibits strong diode like I-V characteristics at room temperature. We found that the asymmetry in the I-V curve 
